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Z0OOM LENS AND IMAGE PICKUP
APPARATUS HAVING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a zoom lens and an image
pickup apparatus including a zoom lens. The zoom lens may
be particularly suitable for use in an image pickup apparatus,
such as a video camera, a digital still camera, a broadcasting
camera, and a monitoring camera, or a camera using a silver-
halide film.

2. Description of the Related Art

Deterioration of optical characteristics due to diffraction in
a photographic optical system having high resolution is non-
negligible. Deterioration of image formation performance
due to diffraction is determined by an F-number (Fno) of the
photographic optical system. For this reason, the photo-
graphic optical system is required to have a small full-aper-
ture Fno. To reduce noise at the time of photography in a dark
place, the photographic optical system is required to maintain
a small Fno over the entire zoom range.

In a photographic optical system with a small Fno, it is
important, in consideration of chromatic aberration, to reduce
chromatic spherical aberration equivalent to settlement con-
dition (the degree of condensing) of light at a focus position
over the entire visible light region. In addition, it is important
to appropriately control axial chromatic aberration, which is
equivalent to controlling a difference in focus position at each
wavelength.

To maintain a small Fno while realizing a high zoom ratio,
the total lens length becomes long, and spherical aberration,
axial chromatic aberration, and a change in chromatic spheri-
cal aberration upon zooming become large. As a result, it
becomes difficult to obtain high optical performance over the
entire zoom range. Therefore, it becomes important to opti-
mize the material characteristics (an Abbe number and rela-
tive partial dispersion) of lens units constituting a zoom lens.

Inapositive lead type zoom lens in which alens unit having
positive refractive power is arranged closest to the object side,
it is relatively easy to realize a high zoom ratio, and a change
in Fno upon zooming is small.

There is known a zoom lens including, in order from an
object side to an image side, a first lens unit having positive
refractive power, a second lens unit having negative refractive
power, a third lens unit having positive refractive power, and
a fourth lens unit having positive refractive power, with an
Fno of about 2 or less at a wide-angle end and 3 or less even
in the entire zoom range.

Japanese Patent Application LLaid-Open No. 2001-194586
discusses a zoom lens with a zoom ratio of 3 and an Fno of
2.06 to 2.74.

Japanese Patent Application Laid-Open No. 2011-2503
discusses a zoom lens with a zoom ratio of about 4, an Fno at
awide-angleend of 1.85, and an Fno atatelephoto end 0f2.53
to 2.76.

There is also known a zoom lens including, in order from
an object side to an image side, a first lens unit having positive
refractive power, a second lens unit having negative refractive
power, a third lens unit having positive refractive power, a
fourth lens unit having negative refractive power, and a fifth
lens unit having positive refractive power (Japanese Patent
Application Laid-Open No. 2010-32700).

In a positive lead type zoom lens including four or five lens
units, to obtain high optical performance over the entire zoom
range, it is important to appropriately set refractive power, a
lens configuration, and other parameters of the third lens unit.
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In addition, when using an aspheric surface, it becomes
important to appropriately set a lens unit having an aspheric
surface, the shape of an aspheric surface, and the like.

SUMMARY OF THE INVENTION

The present invention is directed to a zoom lens with the
entire zoom lens being compact, and having a high zoom
ratio, a small Fno in the entire zoom range, and high optical
performance, and is also directed to an image pickup appa-
ratus including the zoom lens.

According to an aspect of the present invention, a zoom
lens includes, in order from an object side to an image side, a
first lens unit having positive refractive power, a second lens
unit having negative refractive power, a third lens unit having
positive refractive power, and a rear lens group including one
or more lens units. At a telephoto end compared with a wide-
angle end, a distance between the first lens unit and the second
lens unit becomes larger, a distance between the second lens
unit and the third lens unit becomes smaller, and a distance
between the third lens unit and the rear lens group changes.
The rear lens group has positive refractive power in an entire
zoom range from the wide-angel end to the telephoto end, and
an aperture stop is arranged between a lens surface of the
second lens unit closest to the image side and a lens surface of
the third lens unit closest to the image side. The third lens unit
includes, in order from the object side to the image side, a first
positive lens including an aspheric surface, a second positive
lens including an aspheric surface, and a negative lens. When
a refractive index of a material of the first positive lens at
d-line is nd31, and an Abbe number and relative partial dis-
persion of a material of the second positive lens are vd32 and
0gF32, respectively, conditions below are satisfied:

nd31>1.63
vd32>63.0

0gF32+0.005-vd32>0.5675.

Further features of the present invention will become
apparent from the following detailed description of exem-
plary embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11is a lens cross-sectional view at a wide-angle end of
a first exemplary embodiment of the present invention.

FIGS. 2A, 2B, and 2C are aberration diagrams at the wide-
angle end, at a middle zoom position, and at a telephoto end,
respectively, of the first exemplary embodiment of the present
invention.

FIG. 3 is a lens cross-sectional view at a wide-angle end of
a second exemplary embodiment of the present invention.

FIGS. 4A, 4B, and 4C are aberration diagrams at the wide-
angle end, at a middle zoom position, and at a telephoto end,
respectively, of the second exemplary embodiment of the
present invention.

FIG. 5 is a lens cross-sectional view at a wide-angle end of
a third exemplary embodiment of the present invention.

FIGS. 6A, 6B, and 6C are aberration diagrams at the wide-
angle end, at a middle zoom position, and at a telephoto end,
respectively, of the third exemplary embodiment of the
present invention.

FIG. 7 is a lens cross-sectional view at a wide-angle end of
a fourth exemplary embodiment of the present invention.
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FIGS. 8A, 8B, and 8C are aberration diagrams at the wide-
angle end, at a middle zoom position, and at a telephoto end,
respectively, of the fourth exemplary embodiment of the
present invention.

FIG. 9 is a lens cross-sectional view at a wide-angle end of
a fifth exemplary embodiment of the present invention.

FIGS. 10A, 10B, and 10C are aberration diagrams at the
wide-angle end, at a middle zoom position, and at a telephoto
end, respectively, of the fifth exemplary embodiment of the
present invention.

FIG.11is alens cross-sectional view at a wide-angle end of
a sixth exemplary embodiment of the present invention.

FIGS. 12A, 12B, and 12C are aberration diagrams at the
wide-angle end, at a middle zoom position, and at a telephoto
end, respectively, of the sixth exemplary embodiment of the
present invention.

FIG. 13 is a schematic view of main components of a
digital camera to which the zoom lens according to an exem-
plary embodiment of the present invention is applied.

DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the invention will be described in detail below with reference
to the drawings.

A zoom lens according to an exemplary embodiment of the
present invention includes, in order from an object side to an
image side, a first lens unit having positive refractive power,
a second lens unit having negative refractive power, a third
lens unit having positive refractive power, and a rear lens
group having one or more lens units. The rear lens group has
overall positive refractive power over the entire zoom range.
At a telephoto end, compared with a wide-angle end, a dis-
tance between the first lens unit and the second lens unit
becomes larger, a distance between the second lens unit and
the third lens unit becomes smaller, and a distance between
the third lens unit and the rear lens group changes.

An aperture stop is arranged between a lens surface of the
second lens unit closest to the image side and a lens surface of
the third lens unit closest to the image side. The third lens unit
includes at least two positive lenses and at least one negative
lens. Each of the two positive lenses, arranged on the object
side, of the third lens unit has an aspheric surface.

FIG. 1 is a lens cross-sectional view at a wide-angle end
(short focal length end) of a zoom lens according to a first
exemplary embodiment of the present invention. FIGS. 2A,
2B, and 2C are aberration diagrams at the wide-angle end, at
a middle zoom position, and at a telephoto end (long focal
length end), respectively, of the first exemplary embodiment
of'the present invention. FIG. 3 is a lens cross-sectional view
at a wide-angle end of a zoom lens according to a second
exemplary embodiment of the present invention. FIGS. 4A,
4B, and 4C are aberration diagrams at the wide-angle end, at
a middle zoom position, and at a telephoto end, respectively,
of the second exemplary embodiment of the present inven-
tion. FIG. 5 is a lens cross-sectional view at a wide-angle end
of'azoom lens according to a third exemplary embodiment of
the present invention. FIGS. 6A, 6B, and 6C are aberration
diagrams at the wide-angle end, at a middle zoom position,
and at a telephoto end, respectively, of the third exemplary
embodiment of the present invention.

FIG. 7 is a lens cross-sectional view at a wide-angle end of
a zoom lens according to a fourth exemplary embodiment of
the present invention. FIGS. 8A, 8B, and 8C are aberration
diagrams at the wide-angle end, at a middle zoom position,
and at a telephoto end, respectively, of the fourth exemplary
embodiment of the present invention. FIG. 9 is a lens cross-
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sectional view at a wide-angle end of a zoom lens according
to a fifth exemplary embodiment of the present invention.
FIGS. 10A, 10B, and 10C are aberration diagrams at the
wide-angle end, at a middle zoom position, and at a telephoto
end, respectively, of the fifth exemplary embodiment of the
present invention. FIG. 11 is a lens cross-sectional view at a
wide-angle end of a zoom lens according to a sixth exemplary
embodiment of the present invention. FIGS. 12A, 12B, and
12C are aberration diagrams at the wide-angle end, at a
middle zoom position, and at a telephoto end, respectively, of
the sixth exemplary embodiment of the present invention.

FIG. 13 is a schematic view of main components of a
camera (image pickup apparatus) having the zoom lens
according to the exemplary embodiment of the present inven-
tion. The zoom lens of each exemplary embodiment is a
photographic lens system used for an image pickup apparatus
such as a video camera and a digital camera. In the lens
cross-sectional views, the left side is the object side (front)
and the right side is the image side (rear). In the lens cross-
sectional views, i represents the number of a lens unit counted
from the object side, and Li denotes the i-th lens unit. A rear
lens group LR includes one or more lens units.

An aperture stop SP is also illustrated. An optical block G
is equivalent to, for example, an optical filter, a face plate, a
crystal low-pass filter, and an infrared cut filter. At an image
plane IP, an imaging surface of a solid-state image sensor
(photoelectric conversion element), such as a charge-coupled
device (CCD) sensor and a complementary metal-oxide
semiconductor (CMOS) sensor, or a photosensitive surface of
a silver halide film or the like is arranged.

In the aberration diagrams, spherical aberration is illus-
trated regarding the d-line, g-line, C-line, and F-line. In the
astigmatism diagrams, a dotted-line AM represents a meridi-
onal image plane at the d-line, and a solid-line AS represents
a sagittal image plane at the d-line. An alternate long and two
short dashes line represents a meridional image plane at the
g-line, and an alternate long and short dash line represents a
sagittal image plane at the g-line. The g-line, the C-line, and
the F-line express lateral chromatic aberration. w represents a
half angle of view and Fno represents an F-number. In each of
the following exemplary embodiments, a wide-angle end and
atelephoto end are zoom positions assumed when a zooming
lens unit reaches the respective ends of a range in which the
lens unit can mechanically move on an optical axis.

The zoom lens of each exemplary embodiment includes, in
order from an object side to an image side, a first lens unit [.1
having positive refractive power, a second lens unit .2 having
negative refractive power, a third lens unit [.3 having positive
refractive power, and a rear lens group LR including one or
more subsequent lens units and having overall positive refrac-
tive power. With the rear lens group LR having positive
refractive power, an off-axis ray passing through the rear lens
group LR is refracted in the direction of an optical axis,
thereby improving telecentricity. In addition, the back focus
is shortened to reduce the total lens length.

In the first to fifth exemplary embodiments, the rear lens
group LR includes one lens unit, i.e., a fourth lens unit L4
having positive refractive power. In the sixth exemplary
embodiment, the rear lens group LR includes two lens units,
i.e., a fourth lens unit .4 having negative refractive power and
a fifth lens unit L5 having positive refractive power.

In each exemplary embodiment, zooming from a wide-
angle end to a telephoto end is performed by moving the
respective lens units like arrows illustrated in the lens cross-
sectional views. At this time, at the telephoto end, compared
with the wide-angle end, a distance between the first lens unit
L1 and the second lens unit [.2 becomes larger, a distance
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between the second lens unit L2 and the third lens unit L3
becomes smaller, and a distance between the third lens unit
L3 and the rear lens group LR changes.

In the first to fourth exemplary embodiments, the first lens
unit [L1 moves toward the image side and then toward the
object side during zooming from a wide-angle end to a tele-
photo end. That is, the first lens unit .1 moves with a locus
convex toward the image side (along a curve convex toward
the image side). The second lens unit L2 moves toward the
image side and then toward the object side. That s, the second
lensunit [.2 moves with a locus convex toward the image side.

During zooming from the wide-angle end to the telephoto
end, the third lens unit L3 moves toward the object side. The
fourth lens unit L4 moves with a locus convex toward the
object side (along a curve convex toward the object side) to
correct a change in image plane position caused by zooming.

In the fifth exemplary embodiment, during zooming from a
wide-angle end to a telephoto end, the second lens unit 1.2
moves toward the image side, and the fourth lens unit 1.4
moves with a locus convex toward the object side to correct a
change in image plane position caused by zooming. During
zooming, the first lens unit .1 and the third lens unit .3 do not
move.

In the sixth exemplary embodiment, during zooming from
awide-angle end to a telephoto end, the first lens unit .1 once
moves with a locus convex toward the image side and then
moves with a locus convex toward the object side. The second
lensunit [.2 once moves with a locus convex toward the image
side and then moves with a locus convex toward the object
side. The third lens unit L3 and the fourth lens unit L4 move
toward the object side during zooming from the wide-angle
end to the telephoto end. The fifth lens unit L5 moves with a
locus convex toward the object side to correct a change in
image plane position caused by zooming.

In the first to fifth exemplary embodiments, a rear focus
system is employed in which the fourth lens unit 1.4 corrects
a change in image plane caused by zooming and performs
focusing while moving on an optical axis (in the direction of
the optical axis). A curve 4a of a solid-line and a curve 45 of
a dotted-line about the fourth lens unit L4 in the lens cross-
sectional view illustrate moving loci for correcting a change
in image plane caused by zooming from a wide-angle end to
a telephoto end when performing focusing on an infinite-
distance object and a near-distance object, respectively. In
performing focusing from an infinite-distance object to a
near-distance object at a telephoto end, as illustrated with an
arrow 4c of the lens cross-sectional view, the fourth lens unit
L4 is moved forward (toward the object side).

Effective use of a space between the third lens unit [.3 and
the fourth lens unit [.4 is achieved and the total lens length is
shortened because the fourth lens unit .4 moves with a locus
convex toward the object side during zooming.

In the sixth exemplary embodiment, the fifth lens unit L5
corrects a change in image plane caused by zooming and
performs focusing. A curve Sa of a solid-line and a curve 56
of a dotted-line about the fifth lens unit L5 in the lens cross-
sectional view illustrate moving loci for correcting a change
in image plane caused by zooming from a wide-angle end to
a telephoto end when performing focusing on an infinite-
distance object and a near-distance object, respectively. In
performing focusing from an infinite-distance object to a
near-distance object at a telephoto end, as illustrated with an
arrow 5¢ of the lens cross-sectional view, the fifth lens unit L5
is moved forward.

Effective use of a space between the fourth lens unit .4 and
the fifth lens unit L5 is achieved and the total lens length is
shortened because the fifth lens unit L5 moves with a locus
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convex toward the object side during zooming. In the sixth
exemplary embodiment, the fourth lens unit L4 may perform
focusing.

In the first and third to fifth exemplary embodiments, the
aperture stop SP is arranged on the object side of the third lens
unit L.3. In the second and sixth exemplary embodiments, the
aperture stop SP is arranged in the third lens unit L.3. The
aperture stop SP moves integrally with the third lens unit .3
in the first, second, and sixth exemplary embodiments during
zooming, and does not move in the fifth exemplary embodi-
ment. In the third and fourth exemplary embodiments, the
aperture stop SP moves with a different locus from the other
lens units. In any ofthe exemplary embodiments, the aperture
stop SP is arranged between a lens surface of the second lens
unit [.2 closest to the image side and a lens surface of the third
lens unit L3 closest to the image side.

In this manner, the lens system is made compact by reduc-
ing an incident height of an off-axis ray which passes through
a front lens diameter at zoom positions from the wide-angle
end to the middle zoom position.

In the third and fourth exemplary embodiments, the aper-
ture stop SP and the third lens unit .3 move with different
zoom loci (independently) such that a distance between the
aperture stop SP and the third lens unit L3 widens and then
narrows at zoom positions from the wide-angle end to the
middle zoom position, and becomes the narrowest at the
telephoto end. In this manner, a light flux, which serves as a
flare component of a middle image height at the middle zoom
position, is cut, and good optical performance is realized in
the entire zoom range.

The third lens unit L3 includes, in order from the object
side to the image side, a positive lens G31 having an aspheric
surface and a positive lens G32 having an aspheric surface.
When a refractive index at the d-line of the material of the
positive lens G31 is nd31, and an Abbe number and relative
partial dispersion of the material of the positive lens G32 are
vd32 and 8gF32, respectively, conditions below are satisfied:

nd31>1.63 o)

vd32>63.0 )

0gF32+0.005vd32>0.5675 3)

When the refractive indexes of the material at the g-line
(wavelength of 435.8 nm), the F-line (486.1 nm), the C-line
(656.3 nm), and the d-line (587.6 nm) are set to Ng, NF, NC,
and Nd, respectively, the Abbe-number vd and the relative
partial dispersion 0gF are quantities expressed by:

vd=(Nd-1)((NF-NC)

0gF=(Ng-NF)/(NF-NC).

Next, the technical meanings of the above conditions will
be described. The condition (1) defines the material of the
positive lens G31 of the third lens unit .3 arranged closest to
the object side. The conditions (2) and (3) define the material
of the aspheric lens G32 having positive refractive power.

The height (light height) from the optical axis becomes
high when an axial light flux which has passed through the
second lens unit [.2 having negative refractive power and has
become divergent light enters the positive lens G31 and the
positive lens G32. Since the light height becomes higher as
the Fno (F-number) of the lens system is made brighter,
spherical aberration occurs significantly from the positive
lens G31 and the positive lens G32. Therefore, spherical
aberration is corrected by employing an aspheric surface for
each of the positive lens G31 and the positive lens G32.






